A Spanish hazardous waste from tertiary aluminum industry was used as a raw material for the synthesis of calcium aluminate. An amorphous precursor was obtained by a hydrothermal method at different values of pH. The transformation of the precursor in a crystalline aluminate was followed by TG/DTA up to 1300ºC. At temperatures between 719 and 744 ºC, the precursors evolve towards the formation of C 12 A 7 which becomes CA at circa 1016 °C. Mass spectrometry coupled to thermal analyser allowed the identification of the decomposition products.
Introduction
Calcium aluminate compounds, CaAl 2 O 4 (CA), CaAl 4 O 7 (CA 2 ) and Ca 12 Al 14 O 33 (C 12 A 7 ) are widely used as hydraulic binders in the cement industry. CA is the main component of calcium aluminate cements and also plays an important role in the processing and manufacturing of macrodefect-free ceramic cements [1, 2] . CA is also used as a refractory material in the steel industry, Traditionally pure calcium aluminate phases are synthesized using solid-sate reactions. These reactions involve the sintering of mixtures of oxides or carbonates at high temperature and long time.
Recently sol-gel methods and self-combustion or polymeric precursor methods are used as an alternative way to prepare homogeneous precursor phases [3] [4] [5] . In these methods, pure reactants (salts, oxides) are employed as starting materials.
In this paper, the synthesis and characterization of an amorphous calcium aluminate precursor obtained by hydrothermal treatment, at different values of pH, from an aluminium hazardous waste (AHW), was studied. The formation of CA from the amorphous precursor was followed by Differential Thermal Analysis, DTA, Thermogravimetric Analysis, TG, and Mass Spectrometry, MS.
The AHW, a very fine powdery solid, generated by the tertiary industry of aluminium, is a complex material which consists of Al metal , corundum, spinel, aluminium nitride, quartz, calcite, iron oxide, other metal oxides, chlorides and other salts [6] . Slag produced in the secondary industry is profitable for the tertiary industry by means of milling, shredding and granulometric classification processes yielding different fractions which are commercialised according to the aluminium content. The finest fraction constitutes the "AHW" referred to above which is storing in safety containers. The European directive on waste, 2008/98/EC [7] defines the waste as H12 because of in the presence of water or humidity, AHW generates toxic gases as hydrogen, ammonia, methane and hydrogen sulphide.
Processes described for the treatment of AHW-related-materials aimed, generally, to render inert products [8] [9] [10] . Recently, several procedures have been developed to recover the aluminium content as valuable products, and so the production of glasses [11] , glass-ceramics [12] and boehmite [6] are reported.
The aim of this work was to study by means of TG/DTA, the formation of monocalcium aluminate, CA, by using a hazardous waste as Al-bearing product and CaO. A low temperature hydrothermal method was employed to obtain the precursor phase. centrifugation and washed with deionized water until total chloride removing. The solid was dried at 60ºC during 4 days and then it was crushed in a mortar to get a fine powder and it was heated at 90ºC
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for 24 h. The solid products obtained-aluminate precursors-were characterized by XRD and SEM.
Then, they were subjected to thermal treatment to obtain the calcium aluminate and TG/DTA analysis was performed to study their evolution to calcium aluminate.
Analysis and characterization
The 
Results and discussion
Precursor Characterization
The Ca/Al ratio of the precursors obtained at pH7, pH8 and pH10 are: 0.654, 0.757 and 0.896 respectively. The Ca/Al ratio increases with the pH value. The theoretical Ca/Al ratio for the stoichiometric CA is 0.743. The Ca/Al ratio for precursor obtained at pH8 is most nearly at the theoretical Ca/Al ratio. 
Thermal treatment and XRD/SEM studies
Precursors were heat treated at 150, 300, 500, 700, 900, 1100 and 1300ºC for 5 h. At 150ºC (patterns not included) all samples exhibited XRD diffractograms similar to those corresponding to precursors, this means that at this temperature and from the crystallographic point of view, there are not any transformation. At 300 ºC (patterns not included) all samples exhibited XRD diffractograms characteristic of amorphous materials. Thus, at this temperature, the crystallinity of the precursors is lost and the structural reorganization of elements starts. At 500ºC the patterns show that samples are still amorphous (Fig.1) .
The morphological aspect of the sample obtained at pH8 and 500ºC can be seen at Figure 2a , in which grains constituted by nanoparticles aggregates can be observed, this being characteristic of poor crystalline materials. At 700ºC the diffraction maxima of C12A7 (JCPDS 48-1882) are observed for pH8 and 10, in this last sample the crystallinity of this phase is higher than in the first one. C12A7 is obtained as unique crystalline phase at a relatively low temperature and its formation is favoured in the case of the precursor obtained at the highest pH value. In the case of pH7 sample, the diffraction peaks fit much better to the phase JCPDS file 45-0568 which corresponds to C12A7 with partial substitution of oxygen atoms by chloride atoms (1O/2Cl). Thus the generated solid solution can be formulated as At 900ºC, the evolution of C12A7 to CA2 is observed for samples obtained at pH7 and 8.
Both phases coexist at this temperature. This situation is not clearly identified for sample of pH10, and thus, the peaks corresponding to CA2 were not observed at this temperature. For this sample the transformation of C12A7 to CA starts to be produced directly at 1100ºC (Figure 1 ). For samples of pH7 and 8, CA reflections are also observed at this temperature along with reflections of CA2 and C12A7. Figure 3a, shows a crystal of C12A7 developed from the nanoparticles aggregates, obtained at 900ºC from pH10 sample. Figure 3b , corresponds to pH 7 heated at 1100ºC, two zones are clearly differenced at low magnification, C2A (zone 1) and C12A7 (zone 2). In the Figure 4 the morphological aspect of C12A7 is shown, it is observed as a microestructure, (Fig. 4a) formed by dendritical aggregate of nanoespheres (Fig 4b) . 
TG/DTA analysis
The thermal behaviour of all the samples in non-isothermal conditions was studied between 25º and 1300ºC. Table 1 collects the results of DTA and TG which includes the values of the temperature range and the peak area from DTA signal and the mass variation associated to the different thermal effects observed. The peak integration was performed using the software SETSOFT 2000(vs.3.0.6) with a linear baseline from first to last point. The DTA and the derivative TG (DTG) curves for all samples are shown in Figure 5 . Three zones can be clearly differenced in this figure. In the first zone, from room temperatures to 409, 405 and 396ºC (for pH7, pH8 and pH10 respectively), several endothermic effects are observed and they can be attributed to the loss of water, including the dehydration and dehydroxylation processes. Two effects are observed for sample obtained at pH7 and 10, but in the case of sample obtained at pH 8, a third effect can be clearly distinguished. This agrees with the XRD results which indicate that this sample consists of two different phases of hydrated calcium aluminate. Mass variation around 25% for samples of pH8 and 10 and slightly higher, 26.6%, for sample of pH 7 were calculated from TG.
The second zone stars at 662, 712 and 800 ºC for samples of pH7, pH8 and pH10 respectively and it attributed to the formation of C12A7 and CA2. The higher pH value, the higher starting temperature of aluminate formation. Finally, in the last zone, at temperature higher than 900ºC an lower than 1100ºC, the CA formation occurs according to DTA. The formation of the different aluminate phases agrees to the XRD results and the bibliographic data [13, 14] .
Mass spectrometry was used to confirm the presence of clorine in the sample obtained at pH7. Figure 6 shows the DTA curve of sample obtained at pH7 along with the curves of emission of Cl and H 2 O. The initial precursor in this case, and according to XRD was identified as the phase 3CaO·Al 2 O 3 ·CaCl 2 ·10H 2 O. The elimination of water takes place principally at temperature lower than 400ºC, in agreement with XRD and DTA results, but residual chlorine is eliminated mostly at temperature higher than 900ºC.
Conclusions
A hazardous waste from tertiary aluminium industry can be used as a raw material for the synthesis of calcium aluminate. An amorphous precursor was obtained by a hydrothermal method at different values of pH. The transformation of the precursor in a crystalline aluminate was followed by TG/DTA up to 1300ºC. All the techniques used to characterize the samples give similar or complementary results, so as conclusion the calcium aluminates precipitated from 700º. The first aluminate formed is C12A7. This aluminate has a transition to CA2 at 838-848ºC and then is transformed to CA at 1000-1034ºC, which coexists with the previous one. The phase C12A7 was obtained as unique crystalline phase, at 900º C, in the case of precursor obtained at pH 10. 
